OBJECTIVE: Body mass index (BMI) based on self-reported height and weight is a systematically biased, but acceptable measure of adiposity and is commonly used in population surveys. Recent studies indicate that abdominal obesity is more strongly associated with obesity-related health problems than is adiposity measured by BMI. The purpose of this study was to determine the relationships of both measured and self-reported BMI with measured waist circumference in a randomly selected sample of Australian adults. DESIGN: Cross-sectional survey with self-reported and laboratory-based measures of adiposity. SUBJECTS: 1140 randomly-selected Australian adults aged 18 ± 78 y resident in the city of Adelaide, South Australia. MEASUREMENTS: Data on self-reported and measured height and weight as well as measured waist circumference were drawn from the Pilot Survey of the Fitness of Australians database. The proportion of men and women with acceptable BMI (BMI 25 kgam 2 ) and with excess abdominal adiposity ( ! 94 cm for men and ! 80 cm for women) was determined. Differences in the prevalence of overweight based on BMI alone or BMI and waist circumference were also determined. RESULTS: Compared with the prevalence based on self-reported BMI alone, the prevalence of overweight among men based on self-reported BMI and waist circumference combined was 2.4%, 5.3%, 19.1% and 7.5% greater for men aged 18 ± 39 y, 40 ± 59 y, 60 ± 78 y and for all men, respectively. Among women, compared with the prevalence based on selfreported BMI alone, the prevalence of overweight based on the combined measures was 9.9%, 24.0%, 33.3% and 20.6% greater for women aged 18 ± 39 y, 40 ± 59 y, 60 ± 78 y and for all women, respectively. CONCLUSIONS: If waist circumference is used as the criterion, then the prevalence of overweight among Australian adults, and probably other Caucasian populations, may be signi®cantly greater than indicated by surveys relying on self-reported height and weight. The development of valid self-reported measures of waist circumference for use in population surveys may allow more accurate epidemiological monitoring of overweight and obesity.
Introduction
Obesity is a risk factor for cardiovascular disease, non-insulin dependent diabetes mellitus (NIDDM), many cancers, orthopaedic and respiratory conditions and other health problems. 1 The World Health Organisation has identi®ed obesity as a health problem of epidemic proportions and one which is of relevance to developed and emerging economies alike. 2 One of the key components of a public health response to this problem is the conduct of epidemiological surveys to determine the prevalence and distribution of overweight and obesity in the population and to monitor trends in the prevalence of overweight. Consequently, a convenient, acceptably accurate and low-cost measure is required. Indices of adiposity based on selfreported height and weight are inexpensive and convenient for both respondents and researchers. Although they are not without signi®cant shortcomings, these indices are considered to be suf®ciently correlated with laboratory-based measures of body mass index (BMI) to be acceptable for use in epidemiological studies. 3 The most commonly used is Quetelet's BMI calculated as weight(kg)aheight(m) 2 .
Although elevated BMI is clearly a risk factor for may diseases and conditions, excess deposition of fat in the abdominal region is more strongly associated with the metabolic disturbances thought to underlie many of the obesity-related conditions and many authors recommend measures of abdominal adiposity as the preferred measures. 4 ± 7 Several indicators of abdominal obesity are available, but recent reports suggest that waist circumference is the most practical and accurate measure of abdominal obesity for use in public health research. 5, 8, 9 BMI and waist circumference can re¯ect quite different types of adiposity 10 and it should not be assumed that they are strongly correlated. A comparison of self-reported and directly measured BMI and waist girth would allow estimates of the magnitude by which population surveys, which collect self-reported height and weight data, may under-or over-estimate the prevalence of obesity in the population.
The purpose of this study is to examine the relationships of both measured and self-reported BMI with measured waist circumference in a randomly selected sample of Australian adults. Speci®cally, we sought to determine the proportion of men and women with a BMI 25 kgam 2 who also have a waist circumference which places them at risk of obesity-related diseases and conditions.
Methods

Sample selection and procedures
The data presented here were collected as part of the Pilot Study of the Fitness of Australians. 11 The sample selection methods, the procedures for contacting and interviewing those selected, the physical health assessment and the response rates have been described in detail elsewhere. 12 Brie¯y, strati®ed random sampling of adults aged between 18 and 78 y was conducted in the city of Adelaide, South Australia by the Australian Bureau of Statistics (ABS). An introductory letter and information sheet (detailing the study procedure, assurances of con®dentially and the respondents' rights of voluntary participation) were hand-delivered to the selected dwellings. The study was then conducted in three stages: a face-to-face interview performed in the participant's home (n 2298), objective assessment of physical ®tness of a subsample of the original participants performed at identi®ed assessment sites (n 1302) and blood collection for blood lipid pro®les, performed at the participant's home (n 1246). Appointments for the physical health assessment, to take place within 2 weeks of the interview, were made at the end of the home interview.
Of the 3384 households selected to participate, 2564 were occupied and in the scope of the survey. Of these potentially viable households, 55% (1415) agreed to participate and completed the survey. From those households that participated, 2298 respondents completed stage one (questionnaire) of the study, 72% (n 1654) then made appointments for the physical assessment. However, 21% (352) of those failed to attend the clinic, leaving 57% (1302) of the 2298 original participants who attended the physical examination. A further 172 people without complete data were excluded from the analysis, resulting in a sample size of 1140 people (586 men and 554 women).
Interviews were conducted by experienced interviewers from the ABS who had been trained in the administration of the questionnaire. Information collected in the interview consisted of socio-demographic data, self-reports of several health-related behaviours, psychological well-being, and height and weight.
Measurement
The complete physical assessments included resting blood pressures, height and weight, skinfold thicknesses, girth measurements, muscle function, lung function and aerobic power, 11 and were conducted at sites no more than 5 km from the respondent's house. Height was measured on a custom-built stadiometer using the stretch stature method. 13 Body mass was measured using calibrated A&D Mercury 130Â0.5 kg load cell scales with the participants barefoot and in light clothing. Waist circumference was measured using a cloth tape (checked daily against a metal anthropometric tape) using Ross and MarfellJones's 13 instructions. Waist girth was determined at the level of the noticeable waist narrowing approximately half-way between the costal border and the iliac crest. Where the waist narrowing was not apparent, the waist measurement was made half way between the costal border and the iliac crest.
Among men, waist circumferences of 94 ± 102 cm and ! 102 cm indicated increased risk and substantially increased risk, respectively, and among women waist circumferences of 80 ± 88 cm and ! 88 cm indicate increased risk and substantially increased risk, respectively. 9 It should be kept in mind that these cutoff values are appropriate to Caucasian populations, but may not be appropriate for use in other populations 14 and that there is no clear consensus on the most appropriate cut-off values of waist circumference to indicate risk.
Results
Findings for men Table 1 shows the proportion of men with both measured and self-reported BMI 25 kgam 2 in each waist circumference risk category. For measured BMI, only a very small proportion of men aged 18 ± 39 y (2.2%) or 40 ± 59 y (3.7%) with acceptable BMI could be classi®ed as at risk due to excessive waist circumference ( b 94 cm). However, among men aged 60 ± 78 y, 22.7% of men with acceptable BMI are at risk due to excessive waist circumference. For men of all ages, 6.5% of men with acceptable BMI are at risk due to excessive waist circumference. For self-reported BMI, 3.6% of men aged 18 ± 39 y and 10.5% of men aged 40 ± 59 y with acceptable BMI are at risk due to BMI and waist circumference ML Booth et al excessive waist circumference. Among the oldest group of men (60 ± 78 y), 36.1% with acceptable BMI are in a waist circumference risk category. Overall, 13.2% of men with acceptable self-reported BMI are at elevated risk due to their waist circumference. Table 2 shows the prevalence of risk due to overweight among men based on BMI ( b 25 kgam 2 ) alone and based on a combination of BMI and waist circumference (BMI b 25 kgam 2 or waist circumference b 94 cm). The table shows the data for both measured and self-reported BMI. Compared with the prevalence based on measured BMI alone, the prevalence of overweight based on the combined measures is 1.5%, 1.6%, 8.8% and 3.3% greater for men aged 18 ± 39 y, 40 ± 59 y, 60 ± 78 y and for all men, respectively. Compared with the prevalence based on self-reported BMI alone, the prevalence of overweight based on the combined measures is 2.4%, 5.3%, 19.1% and 7.5% greater for men aged 18 ± 39 y, 40 ± 59 y, 60 ± 78 y and for all men, respectively.
Findings for women
The proportion of women with both measured and self-reported BMI 25 kgam 2 in each waist circumference risk category is shown in Table 3 . In contrast with the data for men, large proportions of women with acceptable BMI are in waist circumferencede®ned risk categories. Among women with measured BMI in the acceptable range, 9.0% of those aged 18 ± 39 y, 30% of those aged 40 ± 59 y and 39.1% of those aged 60 ± 78 y are at risk based on their waist circumference. Twenty-two percent of all women with measured BMI in the acceptable range are in a risk category based on waist circumference. For selfreported BMI in the acceptable range, 12.3% of women aged 18 ± 39 y, 35.7% of women aged 40 ± 59 y and 54% of women aged 60 ± 78 y are de®ned as at risk based on their waist circumference. Twentynine percent of all women with self-reported BMI in the acceptable range are at risk based on their waist circumference. Table 4 shows the prevalence of risk due to overweight among women based on measured and selfreported BMI ( b 25 kgam 2 ) alone and based on a combination of BMI and waist circumference (BMI b 25 kgam 2 or waist circumference b 80 cm). Compared with the prevalence based on measured BMI alone, the prevalence of overweight based on the combined measures is 6.9%, 18.1%, 17.6% and 13.9% greater for women aged 18 ± 39 y, 40 ± 59 y, 60 ± 78 y and for all women, respectively. Compared with the prevalence based on self-reported BMI alone, the prevalence of overweight based on the combined measures is 9.9%, 24.1%, 33.3% and 20.6% greater for women aged 18 ± 39 y, 40 ± 59 y, 60 ± 78 y and for all women, respectively. 
Discussion
The ®ndings presented here need to be considered in the context of the strengths and limitations of this study. The study participants were randomly selected from the population of an Australian city and there is no reason to believe that the study population would be systematically different from other Australian adults. It should be recognized, however, that the prevalence of overweight and the pattern of regional fat deposition may vary across gene pools. 15 This study should be repeated with data drawn from other populations in order to con®rm or refute the ®ndings. Although the response rate may not be as high as we would prefer, it is consistent with most major Australian population health surveys.
There is evidence that survey respondents tend tò idealise' their height and weight, with overweight respondents tending to over-estimate their height and under-estimate their weight. 3 Consequently, some respondents who have a measured BMI b 25 kgam 2 will have a self-reported BMI in the acceptable range. This is likely to have the effect of increasing the proportion of those with acceptable self-reported BMI who are at elevated risk due to their waist circumference. It is not surprising then, that the differences in the prevalence of overweight between BMI alone and BMI plus waist circumference were clearly greater for self-reported BMI than for measured BMI. The ®nd-ings of this study indicate that BMI, even measured to laboratory standards, substantially underestimates the prevalence of overweight among many Australian adults when abdominal obesity is taken into account. Even if adjustments to self-reported BMI were made to remove or substantially reduce the reporting bias, BMI would still signi®cantly underestimate the prevalence of overweight.
Among men aged less than 60 y, the prevalence of overweight based on a combination of self-reported BMI and measured waist circumference is only slightly higher than the prevalence of overweight based on self-reported BMI alone. However, among men aged 60 y or older, the prevalence of overweight based on a combination of self-reported BMI and waist circumference is approximately 20% higher than the prevalence based on self-reported BMI alone. The ®ndings are more striking for women. The prevalence of overweight based on a combination of self-reported BMI and waist circumference is substantially higher compared with the prevalence based on self-reported BMI alone for all age groups of women. For women aged 60 ± 78 y, the prevalence of overweight almost doubles when waist circumference is also considered.
The ®ndings of this study have implications for monitoring the prevalence of risk due to overweight and for public health action directed toward controlling overweight. Given the evidence that excessive abdominal obesity is a stronger indicator of risk than BMI, 4,5 consideration should be given to developing valid methods of assessing self-reported waist circumference in population surveys in order to more accurately describe the epidemiology of overweight. The sense of urgency that exists among national and international health authorities with regard to controlling population overweight and obesity is well justi®ed and should even be heightened.
